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Sammanfattning 
 
Förutsäga farligt flygväder i samband med konvektiv verksamhet 
Ingela Leffler 
 
Konvektion i atmosfären kan medföra väder med faror som gör att en pilot riskerar 
att tappa kontroll över sitt flygplan. Åskoväder är ett sådant exempel. Denna studie 
gjordes för att uppskatta nyttan av väderprognoser för piloter under dagar med 
konvektiv verksamhet. För att åstadkomma det gjordes en litteraturstudie för att 
identifiera svagheterna i hanterandet av konvektion hos numeriska väderprognos-
modeller. Begränsningar hos prognosprodukter speciellt inriktade på flygverksamhet 
har också tagits upp. Dessutom innehåller studien iakttagelser från erfarna flyg-
inriktade prognosmeteorologer. Studien begränsar sig till Sverige och de prognoser 
som utfärdas av Sveriges Meteorologiska och Hydrologiska Institut (SMHI). 

Fyra huvudsakliga resultat erhölls. Det första var att de numeriska väderprognos-
modeller som används i Sverige idag är otillräckliga för att skapa pålitliga prognoser 
för konvektion. För det andra upptäcktes att behovet av en ytterligare analys från 
prognosmeteorologer försvåras av brister hos så kallade konvektionsindex. Den 
tredje upptäckten var att prognoser som utfärdas mer än ett par timmar i förväg inte 
är att lita på. Till sist framställdes att bristerna i de prognosprodukter som finns 
tillgängliga för piloter saknar en stor del värdefull information angående konvektiv 
verksamhet. Det fastslogs att piloter inte får tillgång till tillräckligt mycket information 
från dessa produkter för att kunna planera en säker flygning genom konvektivt väder. 
Det är således angeläget att förbättra prognoser för konvektion i syfte att öka 
flygsäkerheten. 
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Abstract 
 
Predicting Aviation Hazards during Convective Events 
Ingela Leffler 
 
Atmospheric convection can result in weather conditions capable of making a pilot 
lose control of the aircraft. An example of such weather is thunderstorms. This study 
was made to evaluate weather forecasts for aircraft pilots during days of convective 
activity. For this purpose, a literature study was conducted to identify the weaknesses 
of numerical weather prediction models in their handling of convection, and limita-
tions of aviation targeted forecast products were addressed. The study also includes 
remarks and insights received from experienced aviation forecasters on the subject. 
The study is limited to Sweden and the forecasts made by the Swedish Meteoro-
logical and Hydrological Institute (SMHI). 

Four main results have been found. Firstly, the numerical weather prediction 
models in use in Sweden today are insufficient for making detailed forecasts of 
convection. Secondly, the required additional input from human forecasters is 
restrained by the imperfections of so-called convective indices. Thirdly, convection 
forecasts issued more than a few hours ahead of time cannot be trusted as being 
accurate. Finally, the forecast products available to pilots were found to lack valuable 
information about convective events. It was concluded that pilots cannot access 
enough information from these forecast products to be able to plan an altogether safe 
flight through convective weather beforehand. Hence, it is important to improve 
forecasts of convection for the purpose of enhancing aviation safety. 
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1 Introduction 
Flying is largely affected by the weather. Before a flight, the pilot needs to study what 

the weather is likely to be like along the planned route. It is important to account for 

the wind speed and wind direction so as to know which heading to keep and how 

long it will take to get to the destination. Perhaps the most important part of the pilot’s 

pre-planning, however, is to check for weather-related hazards. For larger airplanes, 

these primarily include turbulence and ice accumulation. For smaller airplanes, 

especially the ones not allowed to fly through clouds, sight and cloud coverage are 

fundamental. 

     These hazards can be encountered in a variety of weather situations. However, 

there is one type of weather where they are all present: during active convective 

weather. This includes thunderstorms, tornados and hurricanes, but also single cell 

cumulonimbus clouds (CB) without thunder and towering cumulus (TCU) can cause 

danger for pilots. Not only do convective events conjure a broad variety of potential 

hazards, but they also threaten to produce them with extreme intensity as well as 

being highly unpredictable. 

     When the forecasts are wrong concerning convective activity, the consequences 

can be severe. An example of such an incident occurred on 10 June, 2007, over 

Stockholm, Sweden. Late in the evening, several warm air balloons were surprised 

by the development of a convective trough including thunderstorms and heavy 

rainfall. One balloon had to make a forced landing and an air accident investigation 

was made by the Swedish Accident Investigation Authority (2007). It was concluded 

that no forecast or model could have predicted that the trough would develop that 

evening. Various factors, including the fact that the convective activity commenced 

from cold air advection at a high altitude, made the development go undiscovered in 

the model simulations (Swedish Accident Investigation Authority, 2007). 

     There are a lot of ways to detect convective events, especially if they produce 

heavy rainfall and/or lightning. However, forecasting them is not as easy. Short range 

forecasts of a few hours are usually somewhat accurate, but forecasting in the 

medium and long range is very difficult. Moreover, it is one thing to predict the 

occurrence of convection over a general area, but quite another to forecast the 

location, timing and intensity of single convective cells. 

     One of the major problems in making this kind of forecast is the fact that 

convective events occur on a very local scale. The size of a developing thunderstorm 

is for most weather prediction models too small to be resolved at all and assumptions 

known as parameterizations must be applied. There is also the problem of associated 

eddies of instability and turbulence being difficult to simulate as a result of very 

complicated numerical calculations. Another problem is the limited meteorological 

observations needed as input for the models.  

     Modellers are constantly trying to overcome these problems. In recent years, 

much effort has been made to reduce model resolution. A model with resolution of 

only a few kilometres would for example be able to resolve events of deep convection 

explicitly without the use of parameterization. However, the area of the model 

simulations then needs to be quite limited as the computer calculations take a lot 

more time. Many studies examine the benefits of finer resolution-models and some of 

them, for example Weusthoff et al. (2010), look at the way these models handle 
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convective weather specifically. 

     The purpose of this study is to examine existing studies on the reliability and 

accuracy of aviation targeted forecasts during events of convection. The literature 

search is also conducted as a way of investigating the possibility of predicting the 

specific aviation hazards accompanying these events. The main question to be 

answered is: With the help of forecast products for a day with convective activity, 

what are the chances of a pilot planning a safe flight? This entails examining the 

reliability of the forecast products available to a pilot before the flight, and the quantity 

of information gained from them. An additional aspect of the study is to look at the 

technical details of how a forecast like this is made. What are the important 

parameters in a model simulation and how good a quality can be produced? The 

study is limited to products and models in use by Swedish pilots and meteorologists. 

2 Background 
Behind the production of forecasts for convection there are many steps and 

ingredients. Most forecasts are built on numerical atmospheric models that simulate a 

progression of the present state of the atmosphere. To build such a model it is 

necessary to have an accurate understanding of the atmospheric physics which 

explain the processes that are likely to follow. In the simulation stage there is the 

need for initialization conditions, boundary assumptions and parameterizations. 

Finally, a very large part of modelling is the numerical methods that step equations of 

motions forward in time. 

     In this section, a basic description of the physics behind convection is included. It 

is followed by an introduction to some key aspects in the modelling of convection. 

After that, an attempt is made to explain how a forecaster works to produce forecasts 

of this kind. Finally, a short summary of the various aviation hazards accompanying 

CB and thunderstorms is added. 

2.1 The physics of convection 
Thermal atmospheric convection most often occurs during warm summer days. The 

sun then has the ability to heat the ground so much that the closest air in the 

atmosphere gets warmer than the air above. This will make it buoyant and start to 

ascend in a state of instability. If the air continues to ascend it will eventually reach a 

level where the water vapour contained in the air will condense into tiny water 

droplets, forming the first stages of a cloud. Moist convection has then occurred. 

More than often, these clouds will only become small tufts known as cumulus or fair-

weather-clouds while in certain atmospheric circumstances a few of them might 

continue to grow vertically because of excessive local updrafts. This may lead to 

large towering cumulus (TCU) or even cumulonimbus (CB) where the cloud usually 

reaches the top of the troposphere and is unable to rise any further. This is called 

deep convection, as opposed to shallow convection. 

     Favourable conditions for deep convection are sufficient water vapour in the 

atmosphere to create and maintain the cloud together with a deep layer of 

thermodynamic instability and some sort of trigger mechanism causing the air to rise 

(McIlven, 2010). For thermal convection, the trigger is the sun’s heating of the 

ground. 
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     For free convection to occur the layer of atmosphere must be unstable, meaning a 

theoretical air parcel that is displaced from its position must start accelerating in the 

direction of displacement. The parcel theory assumes an adiabatic process in which 

the parcel cannot exchange any heat or mass with its surroundings (McIlven, 2010). 

What determines the atmosphere’s stability is the varying Environmental Lapse Rate 

(ELR) and its relation to the dry and moist adiabatic lapse rates (Beychok, 2013). In 

reality, the atmosphere is only unstable locally and temporarily since it constantly 

strives to regain neutral conditions. 

     Conditionally unstable conditions are more common. This is the case where the 

atmosphere is unstable for a saturated air parcel, but stable for dry air. This is 

explained by the difference in the dry and wet adiabatic lapse rates. An air parcel at 

ground level is usually unsaturated, theoretically following the dry adiabatic lapse rate 

making it stable in these conditions. As a result it takes a certain amount of energy to 

lift or force the parcel first to the Lifting Condensation Level (LCL), where the water 

vapour in the parcel condenses, and then to the Level of Free Convection (LFC) 

where the parcel’s temperature has become warmer than the surrounding air and will 

continue to rise freely. 

     The process of lifting the parcel to the LFC is the key to convective initiation which 

is the first stage in any kind of convective event (Groenemeijer et al., n.d.). When 

convection begins, potential energy contained in bubbles of air is released and 

converted to kinetic energy as the bubbles move upwards. An index named the 

Convective Available Potential Energy (CAPE) has been created in an attempt to 

measure this kinetic energy. CAPE is the parcel buoyancy vertically integrated over 

the levels between which the parcel is positively buoyant. It is given by the formula 

presented in equation 1. 

 

       
            

     
               

  

   

 

 

where   is the potential temperature of the air parcel,    is the potential temperature 

of the environment,   is the height and   is the acceleration of gravity (Stensrud, 

2007). The vertical levels LFC and EL are the Level of Free Convection and the 

Equilibrium Level respectively. EL is the altitude where the parcel is no longer 

warmer than the surrounding air, and will therefore stop accelerating upwards 

(Stensrud, 2007). 

     The more positive the CAPE, the stronger the possible convection is likely to 

become. However, even if the values are positive it actually says nothing about if 

convection will occur or not. Large regions can have a positive CAPE, but it is known 

that the areas developing convection, such as convective cells, can be considerably 

smaller (Trier, 2003). The explanation is that of the atmosphere’s tendency to be 

conditionally unstable in which a trigger mechanism is needed to lift the air up to LFC. 

This energy barrier is called the Convective Inhibition (CIN). Provided that a positive 

CAPE is present, the most critical quantity to examine for convective initiation is CIN 

(Trier, 2003). 

     CIN works against convective initiation and is measured in energy per unit mass 

just like CAPE. The higher the CIN the smaller the probability of convection to 



4 
 

develop and the more lift is needed to reach free convection. CIN depends in a 

complicated way on changes in temperature and moisture and is most easily 

measured by soundings (Trier, 2003). The CIN for an air parcel can be calculated as 

the buoyancy vertically integrated over the levels between which the parcel is 

negatively buoyant. The definition is given by equation 2. 

 

        
            

     
    

   

  

             

where    is the starting level of the parcel’s ascent (Stensrud, 2007). 

     An example of a so-called skew-T diagram is shown in figure 1. In these diagrams 

CAPE and CIN can be found as the areas between the ELR (black right line) and the 

ascent curve of an air parcel (orange line). The bigger the area for CAPE and the 

smaller the area for CIN, the more convective activity can be expected. 

     There are many factors implicating the possibility of forecasting convective 

initiation. Trier (2003) suggests that these difficulties emerge from the large variety of 

atmospheric processes influencing the event. Among others, these are turbulent heat 

and moisture fluxes and horizontal advections of air. Since the heating of the sun 

depends largely on the surface condition it is also important to be able to map out the 

earth’s surface in as much detail as possible. Accurate prediction of convective 

initiation is partly dependent on the availability of accurate atmospheric profiles of 

temperature and moisture, but also on sufficient knowledge of the physical processes 

which triggers and develops convection. 

 

 

Figure 1 - Skew-T diagram showing examples of CAPE and CIN. Of the two black curves, 
the left one is the atmospheric profile of the dew point (°C), whereas the right one is the ELR 
(°C). The orange curve is the temperature profile of a theoretic air parcel ascending 
adiabatically (°C) (Björck 2015a). Reprinted with permission.  
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2.2 Modelling convection 
Most forecasts produced today have their origin in the output of one or more 

numerical weather prediction (NWP) models. They create simulations of the 

atmosphere and project them forward in time by the use of mathematical equations. 

These equations are mostly non-linear partial differential equations of a chaotic 

nature that cannot be solved exactly (Inness & Dorling, 2013). Small errors will 

intensify rapidly as the simulation steps forward in time (Lynch, 2008). This is the 

main reason why it is impossible to make exact forecasts and why we can only make 

relatively detailed forecasts for a few days ahead. 

     Simulating convective events such as cumulus and cumulonimbus is a particularly 

complicated process. The horizontal extension of thermals and small cumulus is 

about 100 m (microscale) while single cumulonimbus are mainly in the small scale 

region (up to 10 km) but can stretch into the lower span of the mesoscale region (10 

to 100 km) (McIlveen, 2010). To be able to explicitly resolve thunderstorm events 

including its preceding stages, it is therefore necessary to use models that are no 

larger than at mesoscale to get the sufficient resolution (UCAR, 2002). However, 

because mesoscale models use a higher resolution than conventional synoptic 

models, they require a large increase in computational resources which results in the 

realisation that only limited area predictions are practical to produce. Ideally, one 

might consider microscale models to be the best ones for predicting thermals and 

isolated convective cells, but the very fine resolution requires such large 

computational resources that this results in a very small model area, making the 

forecasts impractical to use. 

     In grid-point models, which are the most common, the distance between two grid 

points define the resolution. However, for a weather element to be resolved in the 

model, it needs to span over five to seven grid points (UCAR, 2002). A thunderstorm 

cell is normally about 10 km wide (Tost, 2009) which if divided by five would require a 

grid spacing of 2 km. Its developing stage as a towering cumulus might be as small 

as 2 km in diameter (EuMetTrain, 2012) which would not be fully resolved unless the 

grid spacing was around 0.4 km, and a small cumulus would require a grid spacing of 

about 25 m (Stensrud, 2007). This is finer than the resolution of any of the models in 

use in Sweden today, where the finest has a spacing of 2.5 km (Ivarsson, 2015). 

When the event cannot be resolved, the problem must instead be solved with 

parameterization. 

     Many models are based on hydrostatic equilibrium in which it is assumed that the 

horizontal scale is much bigger than the vertical scale and that the weight of the 

atmosphere directed downwards cancels out the pressure gradient force directed 

upwards (Innes & Dorling, 2013). This is true for a stable atmosphere, but untrue in 

the very local occurrences of instability that cause convection (Huang, 2010). 

Convection entails significant vertical motion and a vertical scale that is about the 

same size or even larger than the horizontal scale, making a hydrostatic 

approximation inappropriate when dealing with CB and thunderstorms (UCAR, 2002). 

However, since convection is so local and acts to restore the stability in the course of 

a few hours, a hydrostatic approximation is still sufficient for many applications 

(Huang, 2010). 

     Models that do not make the assumption of hydrostatic equilibrium are called non-



6 
 

hydrostatic models. They are often high-resolution mesoscale models and usually 

include a set of equations describing vertical movement that the hydrostatic models 

do not consider. The main equation states that, in a model grid box, the change in 

vertical motion with respect to time equals the changes due to advection and local 

buoyancy minus the non-hydrostatic vertical pressure gradient and the drag from 

precipitation. This allows the models to forecast changes in atmospheric buoyancy 

and the potential for convection in more detail (UCAR, 2002). 

     According to UCAR (2002), concerning high-resolution non-hydrostatic models, 

“the model forecasts include features such as a system’s abrupt leading-edge gust 

front and associated temperature change, the thick anvil and its effect on surface 

temperature as well as the trailing mesohigh and its impact on surface winds”. 

However, along with this great detail also comes a large potential for error as the 

high-resolution non-hydrostatic models comprise a great sensitivity for small 

deviations in atmospheric structure. Furthermore, there is the implication of a much 

higher demand in computational resources because of all the extra equations to be 

solved as well as a demand for shorter time steps in the numerical solutions. The 

details thus become false accuracy if the model initialisation, boundary conditions or 

simulation of the convective initiation is lacking or erroneous. 

     Jolliffe & Stephenson (2012) describe high-resolution models as giving forecasts 

where “the realistic spatial structures in the forecast fields provide useful information 

for users, but getting the forecast exactly right at fine scales is difficult or even 

impossible due to the chaotic nature of the atmosphere”. The forecasts are therefore 

often interpreted with some uncertainty, “i.e. ‘about this time, around this place, about 

this magnitude’, rather than taken at exactly face value” (Jolliffe & Stephenson, 

2012). 

2.2.1 Parameterization 

To overcome the problems of certain events not being resolved by the models, 

parameterization is used. Different features associated with the event are then 

replaced with a single estimated value for each model variable in each grid point 

(Stensrud, 2007). For low resolution models, parameterization is used for both 

shallow and deep convection, while high resolution models (~2.5km) only need to 

use it for shallow convection. 

      There are several parameterization “schemes” for processes induced by 

convection, ranging from convective initiation to deep convection, including the 

vertical motions trapped in a CB cell and the precipitation produced (UCAR, 2002). 

The schemes calculate changes in environmental temperature and the specific 

humidity for each grid box. Some are also coupled with the variables of momentum in 

the model (Stensrud, 2007). 

     Different schemes can be characterized and approached in several different ways. 

For example, there is a significant difference between low-level control schemes and 

deep-layer control schemes. A low-level control convective scheme approaches 

convective initiation and development from the removal of CIN by small-scale forced 

lifting.  A deep-layer convective scheme generally uses an approach of reducing the 

CAPE generated by the large-scale surroundings by applying convection (Stensrud, 

2007). To transfer the information derived by the parameterization equations to the 

grid point model, a set of closure assumptions is applied. These assumptions 
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translate the derived results to effects on the model variables, giving them adjusted 

values (Stensrud, 2007). 

     A few of the many available possibilities when using different convective 

parameterizations are direct prediction of precipitation amount (allowing the 

precipitation to last beyond that of one simulation time step) more realistic prediction 

of relative humidity fields and better estimation of cloud distribution and the local 

radiation budget (Stensrud, 2007). 

     Drawbacks are large computational as well as economic costs. There will also be 

delays in the so called spin up process which can result in underestimations of 

precipitation and cloud amount early on in the prediction sequence. The schemes are 

also rather sensitive to inaccurate initial conditions and insufficient observations 

(UCAR, 2002). Additionally, as an effect of the significant complexity of 

parameterizations and the way different parameterization schemes affect each other, 

many errors can be created in a forecast that are hard to trace (UCAR, 2002). 

Because of the many links between the different schemes, simply improving one of 

them is usually not enough to improve the forecasts (Stensrud, 2007). 

     An example of a convective parameterization scheme is the Kain-Fritsch scheme 

(Kain & Fritsch, 1990) which was first presented in 1990 but has been updated many 

times since. It is a low-level control scheme and uses a CAPE closure. It makes an 

assumption that only one convective event can occur within one mean grid-box of the 

model at the same time which suggests sensitivity to grid-spacing (Stensrud, 2007). 

     Another example is the eddy-diffusivity/mass-flux scheme (EDMF) which handles 

dry and shallow cumulus convection. It parameterizes small eddies with an eddy-

diffusivity approach and thermals with a mass-flux contribution (Soares et al., 2004). 

This scheme combines turbulent and convective parameterizations resulting in fewer 

problems caused by interference of different schemes (Teixeira et al., 2012). 

2.3 Forecasting methods 
In the making of weather forecasts, most forecasting centres use one or more NWP-

models. However, this is not the only thing determining the final forecast. Forecasts 

up to a few hours are made from nowcasting (WMO, n.d) where the forecasters 

mainly look at observations and then use their own experience to tell in what way the 

weather is likely to change (Inness & Dorling, 2013). This is partly because the 

computers need some time to initialize, and by the time the forecasts are done, there 

are usually more current observations at hand for the forecaster to analyse. 

     For forecasts up to twelve hours (very short range forecasts) the main method for 

a forecaster is still to extrapolate the observations, but some consideration for the 

NWP-forecasts is taken (SMHI, 2015a). Short range forecasts from 12 to 24 hours 

have an equally large contribution from the forecaster’s extrapolating skill as from the 

NWP-forecasts, while 24-48 hour forecasts are made by the forecaster evaluating 

different model outputs and choosing the right one or making some kind of 

combination for the final forecast product (SMHI, 2015a). 

     Ultimately, medium range forecasts (3-10 days) (WMO, n.d) are usually 

developed as an ensemble of forecasts with outputs caused by slightly different 

initiation values (Inness & Dorling, 2013). This provides information about the stability 

of the model outputs and how reliable they are. From this, probabilistic forecasts can 

be made (Inness & Dorling, 2013). 
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     Forecasting convective weather in specific is complicated by the fact that no 

model today can resolve shallow convection and only a few are able to resolve deep 

convection. Also, not all models explicitly categorize the weather as convective but 

simply give outputs of different fields at different levels and information about rainfall 

and cloud coverage (Björck, 2015b). A skilled forecaster can recognize convective 

weather in the outputs of the models, but to get a better understanding they usually 

examine soundings (from in-situ observations, by satellites or simulated) with 

information about the vertical profiles of temperature and humidity. These are 

discussed further in section 2.3.1 together with so-called indices. 

     As far as forecasting specific aviation hazards goes, many products eliminate the 

risks for turbulence and icing in convective clouds since such risks should always be 

expected and are thus implied if mention of convective events is made (SMHI, 

2015d). For more details, a forecaster can get an indication of the degree of 

turbulence from looking at values of CAPE which is correlated to the vertical speeds 

of the convective cloud (Groenemeijer et al., n.d.). 

     Risk for hail can also be deduced by examining the fields of precipitation and the 

vertical distribution of temperature and humidity inside potential convective clouds. 

Some of the important factors to account for are elevation, freezing level, wet bulb 

zero level and CAPE (Haby, n.d). Icing conditions are often found in sub-zero 

degrees within a layer that is unstable, has an inversion on top and inhabits wind 

shears (Jakobsson, 2015). 

2.3.1 Soundings and indices 

To get an indication of the probability of events not directly produced as a field in the 

forecast, indices are often used. They give a one value indication of the probability of 

a certain event at a certain position. Numerous indices have been developed 

specifically to warn for convection, thunderstorms and severe weather. Some of 

them, used in the models evaluated in this study, are listed below. They all somehow 

consider the stability of the atmosphere by using data from vertical profiles of 

temperature and humidity. These profiles can come from soundings by radiosondes 

and satellites or simulated soundings from numerical models (Groenemeijer et al., 

n.d.). 

     The soundings can also tell the forecaster what conditions are necessary for 

convective clouds to develop and how large they might grow. The temperature at the 

top of a potential convective cloud can tell whether there is risk for precipitation or 

even thunder. For this, threshold values have been empirically derived (Björck, 

2015a). The height of the tropopause can give an indication of the possible strength 

of a thunderstorm reaching through the entire troposphere. The humidity of the 

surrounding air is also of significance as entrainment of dry air can hold back the 

process. Moreover, the wet bulb temperature of a droplet when it has reached the 

ground can tell whether or not the precipitation has a chance of reaching the ground 

(Björck, 2015a). 

     When nowcasting is being done, observational in-situ soundings can be used and 

the information can be extrapolated by the forecaster. However, these soundings 

have high operational costs and are sparsely used. Simulated soundings on the other 

hand, can be put together from the output of most models at every grid point in space 

for every time step (HIRLAM consortium, 2012, Bouttier, 2009). They enable the 
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forecaster to make the same kind of forecast but with better spatial and temporal 

resolution and also present soundings that are forecasted themselves. Such 

forecasted soundings are sensitive to simulation errors, but might be useful for very 

short range to short range forecasts. 

     An index that has been used for a long time is the cloud top temperature: the 

colder the top, the higher the cloud. Traditional rules of thumb that forecasters use 

say that if the top temperature of a convective cloud has come down to      there 

will probably be rain, and if it is as low as     , thunder should be expected (Fyrby 

2015). However, this requires that there really is a large vertical distribution of the 

cloud, which might not be the case. Therefore, another index normally combined with 

the cloud top temperature is the cloud base level. 

     The potential energies CAPE and CIN discussed previously can also be used as 

indices. CAPE can give an indication of the updraft strength of potential convective 

clouds and CIN can suggest the likelihood of a convective cloud to form at all (Trier, 

2003). Even when strong thermals are present, values of CIN over 100 J/kg are 

typically too large to overcome and convection is very unlikely to develop at all 

(Groenemeijer et al., n.d.). 

     For CAPE, values below 300 J/kg usually means no convective potential unless 

for strong wind shears (Groenemeijer et al., n.d.). Values between 300 and 1000 J/kg 

imply weak convective potential, 1000 to 2500 J/kg means moderate, and values 

above 2500 J/kg indicate strong convective potential (Skystef, n.d.). In the 

environment of severe thunderstorms, it is possible for CAPE values to exceed 6000 

J/kg (Stensrud, 2007).  

     However, even though CAPE represents an air parcel’s theoretical kinetic energy, 

in reality it is not fit to present the updraft speed of the parcel. This is because of the 

many assumptions behind the calculations which include neglecting entrainment (i.e. 

mixing between the parcel and the environmental air), pressure perturbations and the 

weight of water droplets and ice (Groenemeijer et al., n.d.). 

     Another index is the KO-index (konvektiv-index), which was designed to account 

for low and mid-level potential instability (Haklander & Van Delden, 2003). It is 

calculated as shown in equation 3. 

                                              

where    is the equivalent potential temperature of the atmosphere (°C) and   is the 

pressure level (hPa) (Haklander & Van Delden, 2003). A KO-value of more than 6 

indicates no risk of thunderstorms while a value less than 2 says that thunderstorms 

are likely (EUMeTrain, 2007)  

     Yet another example is the K-index, which is defined by equation 4 (Haklander & 

Van Delden, 2003). 

                                            

where    is the temperature (°C),     is the dew point temperature (°C) and   is the 

pressure level. Values above 20 indicate some potential for thunderstorms, while 

values above 40 usually always result in thunderstorms (University of Wyoming, 

n.d.). 

     Other indices exist that directly address the risk for large hail, severe winds and 
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icing. However, no index gives a straight answer to whether or not there will be 

convective events or how strong they will be. The real life atmosphere is a lot more 

complicated than any of the calculations behind the indices. Some might be 

reasonably good indicators in certain areas but useless in others, often depending on 

if the area is similar to the one over which the index was constructed (Groenemeijer 

et al., n.d.). As in all aspects of forecasting, making an estimate from several different 

indices would probably result in the best possible forecast. 

2.4 Forecast verification 
An important part of the world of forecasting is verification. Forecasts are meant to be 

as accurate predictions of the future as possible, but they are far from perfect. As a 

way of quantifying how skilful or valuable a forecast has been, a variety of verification 

methods exist, most using numeric verification scores. 

     Jolliffe & Stephenson (2012) discuss the procedures of forecast verification and 

suggest that when it comes to meteorological phenomena, many events can be seen 

as binary, i.e. they either did or did not occur. Examples are rainfall, frost and 

lightning. For such events, so called yes/no forecasts can be made. If a yes/no 

forecast predicted an event which did occur, it is regarded as a hit (a). There is also 

the possibility of a forecast predicting an event that did not occur, which is then 

regarded as a false alarm (b). If a forecast failed to predict an event that did occur, it 

is a miss (c). Finally, a forecast can correctly predict the absence of an event, which 

is then labelled a correct rejection (d) (Jolliffe & Stephenson, 2012). These possible 

outcomes are often seen in the form of a contingency table (table 1) and are used to 

calculate many different verification scores. Hits and correct rejections are regarded 

as positive outcomes and result in a reward to the score, while misses and false 

alarms give penalty to the score. 

     Jolliffe and Stephenson (2012) also bring up the implications of “double penalty” 

which is common among fine scale models. It is explained to occur when there is a 

small position error of a binary event, resulting in the forecast being penalized both 

for false alarm, i.e predicting an event where it did not occur, and for failing to predict 

the event where it actually did occur (missing) (Jolliffe & Stephenson, 2012). 

     Spatial forecasts, such as those produced by grid-based NWP models, are often 

treated in alternative ways when it comes to verification. Instead of getting a score 

from each individual grid point, a method known as neighbourhood verification can 

be used. The verification is then done for varying neighbourhood sizes, i.e. a varying 

number of grid boxes included when calculating the score, where the smallest size is 

one grid box. This is a way of checking for what resolution the forecast is useful. 

 

Table 1 – Contingency table of 
possible forecast outcomes 
 

Event observed Event not observed 

Event forecasted Hit (a) False alarm (b) 

Event not forecasted Miss (c) Correct rejection (d) 
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Neighbourhood verification methods reduce the risk for double penalty, since 

according to Jolliffe and Stephenson (2012), “neighbourhood methods relax the 

requirement for an exact match by allowing forecasts located within special 

neighbourhoods of the observation to be counted as (at least partly) correct”. This 

being considered, “the neighbourhood verification methodology is perfectly suited for 

a comparison of the skill of models with different horizontal resolutions” (Weusthoff et 

al., 2010).  

     One widely used neighbourhood verification score is the fractions skill score (FSS) 

(Roberts & Lean, 2008) presented in equation 5. The score rewards forecasts being 

nearly accurate in space and can be regarded as the probability for an event to occur 

within a neighbourhood of a given size (Björck, 2010).  

      
        

  
   

   
  

       
  

   

             

where   is the fraction of forecasts of an event (a+b) and   is the fraction of 

observed events (a+c) over the grid points of a defined domain. The score averages 

over a total number or neighbourhoods   and varies between 0 (complete mismatch) 

and 1 (perfect forecast) (Björck, 2010). 

     To supplement neighbourhood verification, calculations of frequency bias can be 

done as shown in equation 6. This is simply a fraction of the forecasted events to the 

occurred events. It indicates whether the forecast tends to predict the event more or 

less frequently than it is actually observed (Inness & Dorling, 2013). 

                
   

   
             

Another score is the Gilbert Skill Score (GSS), also known as the Equitable Threat 

Score (ETS), presented in equation 7. It is an adjustment of a simple score known as 

the Critical Success Index (CSI) which gives the probability of a hit, “given that the 

event was either forecast, or observed or both” (Jolliffe & Stephenson, 2012). The 

adjustments made for the ETS takes into account the probability of forecasts making 

a hit purely by chance. 

    
    

        
             

where                 and          , i.e. the total number of forecasts 

(Jolliffe & Stephenson, 2012). The score is best used for events that are pretty rare, 

since the number of correct rejections is not taken into account. 

     Finally, yet another score that gives credit to correct forecasts that were not 

merely due to chance is the Heidke Skill Score (HSS) defined in equation 8 (Kunz, 

2007). 
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2.5 Aviation hazards in the vicinity of CB and thunderstorms 
There is a large variety of phenomena caused by CB and thunderstorms that could 

be dangerous for an aircraft to be objected to. Perhaps the most prominent danger is 

the turbulence associated with such weather. Turbulence can cause excessive loads 

on the aircraft structure, risking structural damage as well as creating a dangerous 

True Air Speed (TAS) of the aircraft, either making it dangerously high or fatally low. 

It can also cause the pilot to force the airplane into an unsafe attitude (i.e. a too large 

or too small angle of attack of the airflow to the wings) in an attempt to maintain a 

constant altitude. This might lead to stalling where the lifting force of the airplane is 

lost after which crashing is sometimes unavoidable (Air Ministry Meteorological 

Office, 1960). 

     The turbulence is most severe in the core of the thunderstorms where the 

convective updrafts are at their strongest, but it can extend beyond the cloud as well. 

Surrounding a TCU or CB there are downdraughts as a result of the circulation of air 

from the convective cells (Oxford Aviation Academy, 2008). These may cause severe 

turbulence up to a distance of 30 km from a vigorous thunderstorm (Florida 

International University, 2008). Up- and downdrafts can also be found underneath the 

cloud, sometimes resulting in a phenomenon known as microburst. This imposes 

severe wind shear conditions as well as extreme turbulence in an area of 1-5 km 

underneath the cloud (Oxford Aviation Academy, 2008). 

     The next great hazard is the high probability of “icing” inside the cloud. This 

means that ice is accumulated on the wings and frame of the aircraft which makes 

the airplane heavier, increases the aerodynamic drag and disturbs the airflow over 

the wings. These are all factors capable of highly reducing the amount of lifting force 

available, again introducing the risk of stalling. 

     Other hazards are poor visibility in the showers underneath the cloud and large 

hail, the latter capable of causing structural damage to an aircraft. Getting struck by 

lightning should be avoided, but is not as dangerous as generally believed. All aircraft 

have devices to lead the electricity from lightning strikes back into the atmosphere, 

and it is very uncommon for the aircraft to be affected at all. 

     Small airplane pilots usually stay clear of these clouds, partly because of the well 

known dangers inside it, but also because most of them follow other operational rules 

than larger airplane pilots do. These are called Visual Flight Rules (VFR) and 

essentially state that the pilot needs to be able to ‘see where he’s going’ which 

implies not being allowed to fly through clouds or in areas with very limited visibility. 

Hence, icing and turbulence within the clouds are not direct hazards for small 

airplane pilots even if they are crucial to pilots who do fly through clouds.      

3 Method 
To be able to analyse the credibility of the forecasts available to pilots, an 

examination has been done of a few forecast products that include information about 

convective weather and/or its effects. The study focuses on Sweden, and as a way of 

further limiting the study, mainly products designed especially for the private sector of 

the air traffic were examined. This was done because the ‘private sector’ is mostly 

comprised of small aircraft, which are the ones most exposed to convective weather. 
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The study is also limited in the way that only products produced by the Swedish 

Meteorological and Hydrological Institute (SMHI) and published by the Swedish 

aviation administration (Luftfartsverket) were examined. These were chosen as they 

are often the only products private airplane pilots in Sweden use prior to a flight.  

     Any information found regarding the accuracy or reliability of these products was 

summarized and for further details a literature study was made. The literature chosen 

focuses on evaluations done of the ability of NWP-models to simulate and forecast 

convection and convective events. The models looked at were those which SMHI use 

to produce the products examined. Studies evaluating different convective indices 

were also included. 

     Additionally, two interviews with experienced aviation weather forecasters were 

included in the study. These were done as a result of a lack of available evaluations 

of the studied forecast products. They also contributed with ‘a forecaster’s view’ of 

predicting convective events and how much information it is possible to give a pilot 

before a flight. The interviews were done with Tomas Fyrby, aviation meteorologist 

and air traffic client manager at SMHI, and lieutenant colonel Per-Ola Jakobsson, 

meteorologist at the Swedish military’s METeorological and OCeanographical Centre 

(METOCC). The latter was included since the forecasters at METOCC use the same 

models as those in use by SMHI and because METOCC focuses almost exclusively 

on aviation meteorology. The interview with Fyrby was done through a visit at SMHI 

in Upplands Väsby, Sweden, and through complementary e-mail correspondence. 

Jakobsson was interviewed solely by e-mail.  

     Information about the Swedish model configurations has been gained through 

additional e-mail correspondence with several employees at SMHI. One of them was 

Emil Björck, the author of one of the studies examined, who was also asked 

questions in person at a lecture at Stockholm’s University. Others were Karl-Ivar 

Ivarsson and Esbjörn Olsson. 

     The questions posed in the introduction were answered by weighting together the 

type of information a pilot can get from the different forecast products with the 

models’ ability to handle convection. For this purpose, the evaluations done of the 

models were summarized and compared to the insights gained from the forecasters 

at SMHI and METOCC. A few own conclusions were also made. 

4 Results 
This section is divided into several parts. The first part, forecast products, accounts 

for the aviation targeted forecast products published online at www.aro.lfv.se by the 

Swedish aviation administration (Luftfartsverket) and produced by SMHI. It also 

includes some discussion and references to other studies concerning the usefulness 

and validity of such products. 

     The second part describes the numerical prediction models in use in Sweden 

today whose accuracy and handling of convection are large contributors to the 

trustfulness of the before mentioned forecast products. It also includes a summary of 

the convection indices used. This is followed by part three which is a summary of 

studies evaluating the models in the context of convection. 

     The fourth part consists of insights received from the correspondences with SMHI 

and METOCC. Lastly, in part five, the results from the previous sections are 

http://www.aro.lfv.se/
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summarized and weighted together. At last an attempt is done to answer the question 

presented in the introduction: “What are the chances of a pilot planning a safe flight?” 

4.1 Forecast products 
In Sweden, a collection of weather observations and predictions especially designed 

for pilots are assembled at the briefing web page of the Swedish aviation 

administration (www.aro.lfv.se). Most products are observations or analyses, already 

suggesting that the best information a pilot can get before a flight is the current 

weather directly before the flight. However, this study focuses on forecast products, 

and the Swedish aviation academy publishes a few different such products produced 

by SMHI. 

     One of them is the Terminal Area Forecast (TAF), regularly issued for 

approximately 30 airports around Sweden. Four of these are 24 hour forecasts 

published every sixth hour, while the rest are 9 hour forecasts updated every third 

hour (SMHI, 2015c). If the progress of the weather changes distinctly from what was 

forecasted in the latest TAF, an amendment (TAF AMD) can be issued according to 

the judgement of the forecaster (National Weather Service, 2014). TAFs are issued in 

many countries across the world, but the ones in Sweden are governed and 

produced by SMHI and the Swedish military (SMHI, 2015b). 

     A TAF is a forecast written in a semi-coded text giving information about the 

predicted wind direction and speed for the period as well as information about 

visibility, cloud coverage, cloud base and precipitation. It does not include any cloud 

types except for CB and TCU which are written explicitly (SMHI, 2015b). If the wind 

direction is predicted to vary significantly (as it would in the presence of 

thunderstorms) the direction is omitted and replaced by the abbreviation VRB 

(variable). In the presence of gusts exceeding the mean wind velocity with 10 knots 

or more (also to be expected from thunderstorms), the maximum gust speed is added 

after the wind speed (SMHI, 2015b). The precipitation type is always specified, as 

well as a rough estimate of the intensity. Sometimes a description is also included, 

for example indicating if the precipitation will come in showers (SH) and/or hail (GR, 

GS) which are other indicators for convective activity. In the expected presence of 

thunder, this is included with the abbreviation TS (Thunderstorm) (SMHI, 2015b). In 

the case of especially stormy TS and/or CB there are additional abbreviations for 

squalls and funnel clouds (SMHI, 2015b), but these are seldom seen in Sweden. 

     If the weather is predicted to change over this period, and if this causes one or 

more of the variables in the TAF to change in a way that exceeds a specified limit, a 

change is made in the TAF. This can be in the form of a probable change (PROB), a 

definite change (BECMG) or a temporary change (TEMPO). The probable changes 

are specified for either 30% or 40% chance, and all of them are usually stated to 

occur within a specified time interval (SMHI, 2015b). This means that during certain 

hours there is more than one forecast state valid, and the pilot should prepare for the 

worst of them but cannot assume that this will be the actual outcome.  An example of 

a TAF is included below (SMHI, 2015b). 

TAF ESXX 120830Z 1209/1218 34010KT 9999 BKN020 TEMPO 

1212/1218 VRB15G30KT 3000 +SHRA OVC010CB PROB40 1214/1217 

TSRA=  

http://www.aro.lfv.se/
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All in all, a TAF is designed specifically for pilots and the information given is adjusted 

accordingly. Predictions of convective weather are not included explicitly, but 

indications of significant events can be found in the case the TAF includes variable 

wind and gusts, showers of precipitation, hail and of course whether the 

abbreviations TS, CB or TCU are included. 

     The biggest flaw of a TAF is that it is limited to the Terminal Area of an airport, 

meaning that most information in the TAF is only valid for an area of 5 km within the 

runway. However, CB is included in the forecast as soon as it is predicted to be 

inside a radius of 15 km from the runway (Flygteoriskolan, n.d.). Even so, the few 

regular TAFs far from cover the entire country and hence the pilot needs to check for 

additional information if he or she is intending to fly en route. 

     Other drawbacks are the short range of the forecasts, the complicated 

abbreviations and the lack of visualization. Furthermore, the fact that no changes are 

made in the TAF unless they exceed a specified value proposes a risk of distinct 

changes in the weather being “lost” in the forecast just because it was not big 

enough. As an example, this could be a situation where the wind direction changes 

with 50° or the wind speed increases with 9 knots but is not included in the TAF since 

the limits require a change of 60° and 10 knots respectively. Fortunately, if the 

presence of a CB is predicted to occur, it would never be omitted (SMHI, 2015b). 

     No evaluations of the Swedish TAFs have been found for this study, but 

Mahringer (2008) has verified TAFs over Graz Airport in Germany over a period of 3 

months (September to November, 2006). The overall results showed that the 

forecasts have a tendency to overestimate the worst weather values and 

underestimate the best values, indicating that the forecasters making a TAF rather 

includes possible scenarios that never actually occur than to miss certain 

developments (Mahringer 2008). 

     As a complement to TAF, most Swedish pilots also take a look at the Nordic 

Significant Weather Chart (NSWC) before a flight (Figure 2). It is an analytical chart 

of “significant weather” covering the Nordic countries as seen in Figure 2. Today, the 

NWSC is issued 3 hours in advance, but only for every sixth hour (SMHI, 2015e). 

This means that it can be used as a forecast some hours of the day, but will show the 

past weather during others. It shows the location of fronts, high and low pressure 

areas, cloud cover, vertical cloud distribution, different kinds of precipitation, troughs 

and much more. It also shows certain aviation hazards such as icing and turbulence 

of different degrees. 

     Areas of active convective weather are easy to recognize on the NSWC. Green 

triangles show the general location of showers, and in the case of thunder, a red 

runic R is displayed. Moreover, the occurrence of CB is specified along with the 

information about cloud distribution. However, although this gives a good estimate of 

the weather situation and warns a pilot for the general area of convective activity 

along with its extent and approximate intensity, it does not give any exact locations of 

separate cells and specific hazards.  
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Figure 2 - Nordic Significant Weather Chart (NSWC) from 12 may, 2015, covering the Nordic 
countries. Symbols are explained in the included box. Produced by SMHI and published at 
www.aroweb.se. Reprinted with permission. 

http://www.aroweb.se/
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No evaluations of the NSWC were found for this study, but the limitations of update 

frequency and lacking precision stated above are evident. From 2 June, 2015, the 

chart will look a bit different as SMHI and the Finnish National Weather Service will 

start producing a joint chart (Lundblad, 2015a). One improvement when it comes to 

convection is the introduction of severe squall lines. Furthermore, the issuance time 

will be changed to four hours in advance, resulting in it being a forecast for a longer 

time (Lundblad, 2015a). 

     Other than TAF and NSWC, on the same briefing site a pilot can also find a low-

level forecast focusing on smaller airplanes flying lower than other air traffic as well 

as flying under visual flight rules (VFR). This product is useful for small-plane pilots 

planning to fly en route (away from the departure airport) where it is necessary to 

look at forecasts covering bigger areas. There is also a need of such alternative 

forecast products in the case where the airfields planned to use are too small or 

insignificant to have a TAF produced. 

     The Low Level Forecasts (LLFs) are published four times a day (SMHI, n.d.) and 

cover a period of six to seven hours ahead. In the evening, a summarized 

approximate forecast is done for the next day as well (SMHI, n.d.). The LLFs are 

produced for almost the entire country for areas of about          from ground level 

to flight level 125 (about 3.8 km) and show detailed information about wind (speed 

and direction) at different levels as well as visibility, cloud base, precipitation, icing 

and turbulence (SMHI, n.d). The wind information includes an estimate of the 

maximum gusts predicted. In the case of TCU or CB these are included as significant 

weather and this implies the occurrence of turbulence and icing without explicitly 

including warnings of such (SMHI, 2015d). The LLFs are presented both graphically 

and in text, an example is shown in figure 4 for the yellow area in Figure 3. 

     The reason information about turbulence and icing for TCU and CB is omitted in 

an LLF is easy to understand since you would find a large range of different 

intensities of both of these parameters inside the cloud. As mentioned before, these 

clouds are very local and so are its accompanying effects of turbulence and icing. It 

would therefore be difficult, if not to say impossible, to present an accurate 

distribution in time and space of different intensities of these two variables. 

Figure 3 - The area for the Low 
Level Forecast in figure 3 (SMHI, 
n.d). Reprinted with permission. 
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Table 2 - SMHIs Low Level Forecasts (LLF) for an area in middle Sweden 30 April, 2015. Showing averages of a number of forecasted weather 
features between 13.00 and 19.00 the same day. (SMHI, n.d). Reprinted with permission 

 



19 
 

Evaluations were not found for this product either, but because the weather is only 

given for predefined areas much bigger than the size of a convective event, it is clear 

that the LLF has limitations of lacking precision as well, even if not to the same extent 

as for the NSWC. According to Maria Lundblad (2015b) at SMHI, the LLF will soon 

be taken out of production since a similar product is produced in cooperation with the 

Danish Meteorological Institute, DMI, at www.flygmet.se. 

     Finally, the forecasters at SMHI publish short range warnings of severe weather 

capable of significantly affecting the safety of the air traffic. These warnings are 

called SIGMET (SIGnificant METeorological information) and are issued at most four 

hours before the event is due. The warnings comprise thunderstorms that are 

obscured, embedded, frequent or in squall lines, but not for isolated thunderstorms or 

CB without thunder. It also warns for extreme turbulence and severe icing, but alike 

the LLF such hazards are implied for any convective event and are not warned for 

explicitly in such a case. SIGMETs are seldom issued, but according to Fyrby (2015) 

at SMHI, when they are, summertime thunder is by far the most common cause. No 

evaluations of the Swedish SIGMETs were found. 

     Assessing the total amount of information a pilot can get from the mentioned 

products, it can be said that the pilot can be informed about the occurrence of CB 

and TS in the area a few hours ahead of time, but cannot get any specific information 

such as exact locations of the cells at specific times or the intensity and severity of 

turbulence and icing accompanying the cells. 

4.2 Models and indices behind the products 
The forecasts mentioned above are produced by forecasters at SMHI with assistance 

from the numerical weather prediction models HIRLAM (High Resolution Limited 

Area Model), AROME and ECMWF (European Centre for Medium Range Forecasts) 

(Fyrby, 2015). This section is a summary of the technical configurations of the 

models as well as of the convection indices in use by SMHI. 

     HIRLAM is used with two different resolutions, 5 km (hereafter HIRLAM05) and 11 

km (HIRLAM11), while a resolution of 2.5 km is in use for AROME (AROME2.5) 

(Fyrby, 2015). Vertical resolution is defined in levels, HIRLAM using 65 levels 

(Olsson, 2015) and AROME 60 levels (Météo-France, n.d.). All three are used for 

forecasts of ranges up to 48 or 60 hours (Björck, 2015b). One of the largest 

differences between these models apart from the resolution is the fact that HIRLAM 

approximates hydrostatic equilibrium while AROME does not. Another big difference 

lies in AROME being able to explicitly resolve deep convection because of its higher 

resolution, while HIRLAM needs to parameterize this (Ivarsson, 2015). 

     For both models, the initialization data comes from past forecasts and current 

observations that are weighted together with the use of an analysis system. 

HIRLAM05 and AROME2.5 use 3DVAR variational methods for the analysis while 

4DVAR is used for HIRLAM11 (Ivarsson, 2015). Boundaries are taken from the 

global model ECMWF for all models (Ivarsson, 2015). 

     Outputs of prognostic variables defined for all model levels are both in HIRLAM 

and AROME the following: Horizontal wind components, temperature, specific 

humidity, pressure, geopotential height, vertical wind velocity and turbulent kinetic 

energy.  Moreover, cloud cover, cloud liquid water, cloud ice and precipitation type 

and amount are calculated (HIRLAM consortium, n.d., Bouttier, 2009). 

http://www.flygmet.se/
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     For HIRLAM, the Kain-Fritsch convective parameterization scheme (Kain & 

Fritsch, 1990) is in use for both shallow and deep convection while for AROME, 

parameterization through an eddy-diffusivity/mass-flux scheme (EDMF) is in use for 

shallow convection (Ivarsson, 2015). 

     For forecasts over 60 hours, only the centre model ECMWF is used. The current 

configuration uses a resolution of 16 km (Urquhart, n.d.). Because this resolution is 

too big to resolve convective events and because the model is only used fully for 

forecasts of longer ranges, further configurations are not examined in this study. 

     In the process of making the aviation-targeted forecast products listed in section 

4.1 (Forecast products), to know when to include warnings of CB or thunderstorms, 

the forecasters use the methods described in section 2.3 (Forecasting Methods) 

where a lot of emphasis is put on vertical profiles of the atmosphere (Fyrby, 2015). 

For this purpose, simulated soundings based on forecasts can be put together from 

the outputs of the models (Björck, 2015b). 

     The models give outputs of precipitation and, according to Fyrby (2015), to some 

extent also of convective clouds. Because of its parameterization schemes, HIRLAM 

can differ between convective and stratiform precipitation (Portal, 2013). AROME 

gives precipitation fields of rain, snow and groupel (small hail), but it cannot differ 

between convective and stratiform precipitation explicitly (Portal, 2013). To be able to 

predict convective weather more specifically, different indices are used. Among them, 

the forecasters at SMHI use scripts that give information about where convective 

clouds will develop, at what level the bases will occur and how high the tops will 

reach in terms of top-temperature (Fyrby, 2015). From this they use rule of thumb-

values to receive the risk of rain and thunder.  

     Since HIRLAM parameterizes convection with the Kain-Fritsch convective 

scheme, the model needs to calculate values of CAPE and CIN and thus outputs of 

these are directly available for the forecasters to use (HIRLAM consortium, n.d.). 

AROME provides indices of thunderstorm risk, one hour accumulated lightning 

strikes and integrated groupel amount (Fyrby, 2015). The forecasters at SMHI also 

use indices such as the KO-index, K-index and an internally developed index called 

the “thunder index” (Fyrby, 2015).  

4.3 Evaluations of models and indices 
Earlier, in addition to the forecast products listed earlier, SMHI also produced the 

“thermal forecast” designed for glider pilots. From experience received by working 

with this product, Olofsson (n.d.) (confirmed by Olsson, 2015), writes that HIRLAM 

has trouble differing between dry thermals and thermals accompanied by small or 

few cumulus. The problem is partly explained by the limited vertical resolution making 

it hard to resolve details of inversions, but also by the difficulties in describing the 

moisture fluctuations from the ground (Olofsson, n.d, Olsson, 2015). 

     Stensrud (2007) has discussed the grid spacing dependency of the Kain-Fritsch 

parameterization scheme used by HIRLAM. He referred to a study made in 1999 and 

stated that the precipitation produced by the scheme has been shown to be very 

sensitive to grid spacing. As grid-spacing decreases the scheme generally produces 

larger and more accurate maximum rainfall amounts and overall greater detail. 

Although this is to be expected, the location of the rainfall “is often displaced several 

hundreds of kilometres from the actual position” (Stensrud, 2007). 
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     A study done by Björck (2010) for SMHI looked at the performance of five different 

models. Among those were HIRLAM11, HIRLAM05 and AROME2.5 which are in use 

by SMHI today. Differences from the configuration of the models in use today were 

different area coverage (smaller for the study), AROME being initialized by HIRLAM 

instead of ECMWF and data assimilation being done by 3DVAR for HIRLAM11 

instead of 4DVAR (Björck, 2015a, Björck, 2010, Ivarsson, 2015). For verification 

reference observational RADAR data was used while analytical data derived by 

MESAN was used to examine the performance of the models (Björck, 2010). 

     Björck (2010) examined the effect of increased model resolution on convective 

precipitation and even though precipitation is only one result of convective events, 

this can still give an indication on the overall performance of the forecasts. However, 

one should be aware that the amount of precipitation not necessarily reflects the 

intensity of the convective event. A vigorous thunderstorm with forceful gusts, wind 

shears and even lightning might in some cases cause only light or even no 

precipitation (National Weather Service, 2010). 

     The verification was done by using a set of different neighbourhood verification 

sizes together with a set of different accumulation thresholds of rainfall intensity 

which gives positive feedback when the forecast has predicted “the correct intensity 

in the vicinity of the observed event” (Björck, 2010). The models were run over a 

limited area including southern Sweden for three hand-picked days with convective 

activity. The simulations started at 00 UTC and the verifications were made at 9, 12, 

15 and 18 UTC the same day (Björck, 2010). 

     Björck (2010) presented results of the frequency bias for different threshold values 

for every model each of the three days. The results were not consistent but from the 

way AROME differed from the rest he concluded that the other models that use 

parameterization for convection acted to restrain forecasts of high intensity (Björck, 

2010). In two of the cases examined, this favoured HIRLAM over AROME as 

AROME had a quite high frequency bias from tending to overestimate the number of 

high intensity precipitation events. However, the actual number was scarce during 

these days, and AROME scored better in the third case, where events of high 

precipitation were more numerous (Björck, 2010). That is, while AROME was able to 

simulate local events of high precipitation much more efficiently than HIRLAM, it 

tended to overestimate the number of such events. 

     Other results showed the different models’ performance by calculating the FSS 

(fractions skill score) while varying the size of the verification neighbourhood as well 

as varying the threshold values. Conclusions drawn suggested that no model had a 

clear advantage over the others and that increasing model resolution did not seem 

like an obvious solution to getting better forecasts. On the other hand, three cases 

are far from enough to make justified conclusions (Björck, 2010). 

     Björck (2010) also discussed the characteristics of the outputs from the different 

models by showing graphical examples including those in Figure 4. He emphasized 

that even though the models with higher resolution look more detailed they should 

not be assumed to necessarily be so. There is a big risk of them being overly trusted. 

Björck did not mention the differences of HIRLAM11 and HIRLAM05 more than that 

they showed no significant differences “neither in frequency bias nor spatial 

accuracy” (Björck, 2010) and that “the Kain-Fritsch parameterization scheme appears 

to be of equal functionality for both scales” (Björck, 2010). 
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Figure 4 – Example of precipitation forecasts over southern Sweden from HIRLAM11 (a), 
HIRLAM05 (b), AROME2.5 (c) and radar observation (c). The fields show precipitation in 
mm/3h. Dark green and pink colours show areas of extra heavy precipitation (up to 
30mm/3h). The forecast range is 15 hours. Björck (2010), reprinted with permission. 
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Additionally, Björck (2010) made an attempt to examine the temporal variability of the 

forecasts from AROME in terms of the FSS. This was done to account for the 

possibility of the forecasts being more incorrect in terms of time than space. 

However, while the FSS clearly varied with time, the results showed no clear bias in 

temporal error. As a reflection of his own results, Björck (2010) recommended that 

“high-resolution models should be used on a larger scale and the realistic detail 

should not be trusted” (Björck, 2010). 

     In another study done by Weusthoff et al. (2010) an evaluation was done of the 

benefits of finer resolution models that could simulate deep convection explicitly. This 

was done by comparing three fine resolution models with their larger resolution 

counterparts over a period of 6 months. AROME 2.5 was compared to ALADIN with 

10.0 km resolution (hereafter ALADIN10) over a limited area over alpine terrain in 

Switzerland, both initialized at 0000UTC. The parameter examined was precipitation 

and just like in the previous study, verifications were done using the neighbourhood 

methodology along with radar observational data (Weusthoff et al., 2010). 

     The study showed results of FSS and ETS (Equitable Threat Score) both as an 

average over the entire time period of six months as well as an average solely over 

days in which precipitation over 1 mm / 3 h was produced for at least 10 000 grid 

points according to radar data. The ETS uses the areal mean of the precipitation 

fields in the neighbourhood to compute categorical scores while FSS shows the 

frequency of the precipitation fields exceeding a critical threshold. 

     The results from the entire time period (Figure 5) showed a clear advantage of 

AROME2.5 over ALADIN10 when it came to FSS, while ETS considered the two 

models rather equal. According to Weusthoff et al. (2010), because the FSS and ETS 

indicated different results when comparing the two models, the slight improvements 

of precipitation forecasts were probably the cause of a better forecast of the 

precipitation structure, resulting in higher FSS, rather than a better quantitative 

precipitation forecast. 

 

Figure 5 - Results from Weushoff et al. (2010) showing a comparison between AROME2.5 
and ALADIN10.  The values are averages over a full 6 month period of FSS (left) and ETS 
(right) for different threshold values and neighbourhood spatial scales. The numbers show 
the scores of ALADIN10 while the colours show the difference between the two models. 

©American Meteorological Society. Used with permission. 
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Figure 6 - Results from Weushoff et al. (2010) showing a comparison between AROME2.5 
and ALADIN10 as in figure 5, but only during specifically rainy days as specified in the text. 
©American Meteorological Society.  Used with permission. 

Looking instead at the summary for precipitation days only for the FSS score (figure 

5), ALADIN10 appeared to forecast events of lighter precipitation better than 

AROME2.5, while AROME2.5 still had an advantage over ALADIN10 for heavier 

precipitation. The ETS still suggested that the two models were equal. 

     The scores were higher in this conditional verification which was only to be 

expected since the FSS is known to be correlated to the rain amount. The two scores 

behave differently because of the different properties of the scores. The indication 

that ALADIN might have been better than AROME during days with a lot of 

precipitation for low thresholds should be considered with caution since these cases 

were very few when only particularly rainy days were considered (Weusthoff et al., 

2010). 

     Simply examining the absolute values of the scores, Weusthoff et al. (2010) 

concluded that both models had skill in predicting convective events, but that these 

were best for low precipitation thresholds and large spatial scales. Score values were 

around 0.8 for FSS and 0.43 for ETS at a threshold of 0.1 mm / 3 h and a spatial 

scale of 150 km (Weusthoff et al., 2010). 

     For all model pairs, the study showed that the high-resolution models mostly 

outperformed their lower-resolution counterparts. Weusthoff et al.  (2010) reasoned 

that this is the cause of the higher resolution models’ ability to explicitly resolve deep 

convection. 

     In 2008 an evaluation of the preoperational AROME model with 2.5 km resolution 

was done as described by Seity et al. (2010). The area of the study was limited to 

France and it was compared to the ALADIN model already in use over the same 

area. The verification was done by using observational data from radiosonde 

measurements and ground-based observations of pressure, temperature, humidity, 

wind and precipitation.  

     Conclusions drawn concerning convection was first of all that the model seemed 

to overestimate heavy rainfall, but this was apparently corrected for before the 

operational model was put in use (Seity et al. 2010). Secondly, a case study showed 



25 
 

that the model was able to reproduce “the classic features of strong cells that have 

thunder” (Seity et al., 2010) in that of wind speeds and directions (including vertical), 

the development of an anvil as well as heavy rain. On the other hand it simulated the 

case event with a delay of 2 hours and “slightly overestimated horizontal size and 

intensity” (Seity et al., 2010). 

     Although not yet implemented by the institutes in Sweden, there is a new higher 

resolution model of AROME (1.3 km) available in 2015. Seity et al. (2014) have 

evaluated the performance in increased horizontal and vertical resolution of 

convective events of this new tool and compared it to AROME2.5. The study was 

done over 48 convective days and the different model resolutions were applied to 

examine the number of simulated convective cells in terms of diurnal cycle, cell size 

and maximal intensity (dBZ). 

     Results from the study are shown in figure 7 and from them Seity et al. (2014) 

concluded that the higher resolution model predicted the convective events more 

accurately. The results also indicated that AROME2.5 had a tendency to predict cells 

that are too large. 

 

 

Figure 7 – Results from Seity et al. (2014) showing the number of convective cells simulated 
by AROME1.3 (red) and AROME2.5 (green) as well as detected by RADAR (blue). (a) as a 

function of time, (b) as a function of cell size (   ) and (c) as a function of simulated or 
detected radar reflectivity intensity (dBZ). Reprinted with permission.  



26 
 

In the context of indices, in 2013 an investigation was done by SMHI concerning the 

performance of integrated groupel as an index for convective precipitation in the pre-

operational AROME2.5 (Portal, 2013). The index was tested along with the field for 

lightning strikes for different kinds of weather situations with showers and/or 

thunderstorms and was compared to radar and lightning detection data as well as to 

synoptic ground observations (Portal, 2013). At the same time, convective 

precipitation fields and the CAPE chart from HIRLAM11 was tested so as to see 

whether AROME with its groupel index could outperform the already operational 

HIRLAM in events of convection. 

     The evaluations were done at 09, 12 and 15 of a forecast issued at 00 the same 

day (Fyrby, 2015). The two models were evaluated over various areas in northern 

Europe, focusing on southern Scandinavia, with a grade from 1 to 10, where a grade 

of 10 was a perfect score. The grade was not based on any pre-determined threshold 

values or skill scores, but rather the meteorologist’s personal perception of the 

models’ performances (Portal, 2013). Around 430 grades were given for each of the 

models. 

     Results showed that AROME scored better than HIRLAM with an average grade 

of 7.4 as opposed to 6.4. Looking at each model separately, when addressing the 

different performances in terms of geography, intensity and time, it was found that 

both models resulted in close to consistent grades between these criteria (figure 8a). 

The performance of the two models along the day appeared to be only slightly 

decreasing (figure 8b), indicating that both models are quite consistent in time when 

looking in the short range. It was concluded that groupel was indeed a good index for 

convective precipitation and was put in use along with AROME in 2014 (Portal, 

2013). 

 

 

Figure 8 - Evaluations from SMHI (Portal, 2015) of AROME2.5 (dark) and HIRLAM11 (light) 
in the performance of forecasting convective events. Grades (1-10) are estimated by 
meteorologists at SMHI from their own judgment. In (a), the performance is divided between 
criteria of geography, intensity and time. In (b), the performance along the day is presented. 
The grades are averages of around 430 evaluations done of each model. Reprinted with 
permission. 

  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Betyg enligt kriterier 
geografiskt, intensitet och tid 

Arome 

Hirlam 

a) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

9:00 12:00 15:00 

Betyg under dagen 

Arome 

Hirlam 

b) 



27 
 

Two other studies of indices have been included. One was done by Haklander and 

van Delden (2003) over the Netherlands, and the other was done by Kunz (2007) 

over south-west Germany. These two areas differ considerably when looking at the 

terrain, but otherwise the two studies are very similar. Both studies looked at the 

performance of different thunderstorm predictors and convective indices such as 

CAPE, KO and the K-index used by SMHI (Haklander & van Delden, 2003, Kunz, 

2007). The indices were derived from the vertical profiles of radiosondes in both 

studies. Haklander & van Delden used sixth-hourly soundings between 1993 and 

2000 while Kunz (2007) used daily soundings between 1986 and 2003. A range of 

verification scores based on yes/no thresholds were used in the studies, among 

those the Heidke Skill Score (HSS) and the True Skill Statistic (TSS) which were 

used by both. The methods of calculating the optimum thresholds differed somewhat 

between the studies. 

     Among CAPE, KO and the K-index, all three had a HSS score of 0.46 for Kunz 

(2007), while for Haklander & van Delden (2003), CAPE had 0.35, KO had 0.31 and 

KO and 0.21. The scores were generally slightly higher for TSS, with a maximum of 

0.52 for KO found by Haklander & van Delden (2003). Perfect scores for both indices 

would be 1, making it apparent that all of these indices have flaws and cannot be fully 

trusted. 

4.4 Comments from Fyrby at SMHI and Jakobsson at METOCC 
Through correspondence with both the SMHI and METOCC a perspective of the 

difficulties of convective forecasting from experienced forecasters has been gained. 

Those contacted also work in departments specifically targeting the air traffic and 

hence know firsthand of the routines for giving pilots information about the weather. 

The comments are summarized below. 

     When asked about in what range forecasts including convection are reliable, 

Tomas Fyrby (2015), Aviation Meteorologist from the air traffic department at SMHI, 

said that while short term forecasts of 0-12 hours are by far the best, one day 

forecasts or sometimes even two day forecasts can be okay as well. In terms of 

briefing a pilot a few hours ahead, relatively good information can be given about 

which areas will be subjected to CB activity and how intense they will get. However, it 

is almost impossible to tell more than one hour ahead where this activity, such as 

showers, will be located. The best way is to brief a pilot directly before take-off by 

looking at observational data and trying to find passages between the cells (Fyrby, 

2015). 

     Lieutenant colonel P.O. Jakobsson (2015), Defence Meteorologist at METOCC, 

was asked the same question, and answered differently for organized convection and 

randomized convection. For organized convective clusters a forecast for the same 

day can be made with quite good accuracy over the course of the entire day. 

Jakobsson (2015) said this is because once an area of organised convective cells is 

created it is generally possible to predict quite accurately how active it will be and 

where it is going to move. For randomized thermal convection however, detailed 

forecasts are only somewhat reliable in a range of 1-2 hours and have an 

approximate accuracy in the range of one hour. Forecasts for days ahead can only 

be as detailed as suggesting that “in this or that area there will 

possibly/probably/maybe be one or more showers” (Jakobsson, 2015). 
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     Jakobsson (2015) also discussed the use of observational data such as radar and 

satellite images to get information about the location and intensity of active areas. 

Even though these are just observations, they are the most useful tools for 

nowcasting since a forecaster by himself can predict the general progress and 

development of convective cells a few hours ahead of time. 

     Concerning the capabilities of the models AROME and HIRLAM in use by SMHI, 

Fyrby (2015) suggested that while AROME has the highest resolution, the precision 

of the forecasts is not to be trusted. AROME presents convective cells with great 

detail and compared to HIRLAM its fine resolution makes it able to separate singular 

convective cells. It is also better at estimating the maximum rainfall. Nevertheless, 

since the precision is insufficient, the model often predicts the showers in the wrong 

location. 

     In contrast, HIRLAM gives poorer details and predicts a lesser amount of rainfall 

over a broader region, but can be preferable as the effects of double penalty makes 

HIRLAM generally score better than AROME (Fyrby, 2015). In reality though, a 

forecaster at SMHI uses both models to get a better overview and weighs up the 

different results to produce as good forecasts as possible (Fyrby, 2015). The reason 

for the poor precision in AROME is according to Fyrby (2015) the fact that the input 

data for the initialization includes too many approximations in its assimilations as a 

result of insufficient observational coverage. 

     Concerning the applications of the forecasts for the air traffic, Jakobsson (2015) 

explained that even though they have direct contact with the pilots out flying, the 

intensity of convective cells such as CB clouds are seldom discussed except for in 

terms of visibility inside showers or the presence of lightning. Since all weather 

related educations given to pilots urge them not to fly into or in the absolute vicinity of 

a CB, the pilots are well aware of the great hazards of turbulence and icing inside the 

clouds and information about such are hence excessive (Jakobsson, 2015). 

4.5 What are the chances of a pilot planning a safe flight? 
To answer the questions posed in the introduction, a summary of the above results 

was made. Comparing the insights gained by Fyrby (2015) and Jakobsson (2015) to 

the results from the model evaluations, a conclusion was made that models today are 

not very accurate in predicting convective events. Björck (2010) and Olofsson (n.d.) 

seem to agree with Fyrby (2015) that HIRLAM has drawbacks in the form of too few 

details and overly expanded areal distributions. The details are too few to be able to 

tell a pilot how many CB or thunderstorm cells will be active and where each cell will 

be located. 

     In contrast, there is the higher-resolution non-hydrostatic model AROME2.5, 

which in theory should have the ability to capture single convective cells in a way that 

far exceeds the hydrostatic HIRLAM. However, based on the many investigations 

consulted of whether or not higher-resolution models score better (Björck, 2010, 

Weusthoff et al., 2010, Seity et al., 2010, Seity et al. 2014), it is clear that being able 

to explicitly resolve deep convection and leave out hydrostatic assumptions is not 

enough to produce considerably better forecasts. Even though the structure of 

convective events is captured much more realistically, the forecasts are far from 

perfect in space and time, as confirmed by Fyrby (2015). 

     As a consequence of the models’ imperfect handling of convection, a great 
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amount of experience is required from the forecaster. Stensrud (2007) said “It is clear 

that there remains a need for human forecasters to interpret these types of numerical 

forecasts wisely”. However, this might not be that easy. From the studies done by 

Haklander & Van Delden (2003) and Kunz (2007), it was apparent that some of the 

indices frequently consulted by forecasters are far from perfect. Moreover, if the 

forecasted simulated soundings behind the indices have errors from the start, they 

will be even more unreliable. 

     The products examined seem to be good at warning for CB and thunderstorms 

but appear very imprecise in stating the location and time for these occurrences. 

They suggest that several different outcomes are possible at the same time. In the 

context of CB induced aviation hazards, the only hazards explicitly included are the 

presence of lightning, the maximum gust speed and the type and strength of 

precipitation in showers. As mentioned in section 4.1 (Forecast products), for all of 

the products, icing and turbulence from CB are not included in the forecast but are 

implied if CB or TS is printed. Microbursts and local wind shears are not warned for. 

     Referring to the usage of observational data suggested by Fyrby (2015) and 

Jakobsson (2015), in the absence of detailed forecasts, consulting observations and 

analyses just before the flight usually gives a good estimate of what the weather 

situation will be like. The progress of already developed convective cells is relatively 

easy to interpret, but as seen in the example of the balloon flight in Stockholm 2007, 

the pilot should always be aware that the cells can take on a direction or course of 

development not anticipated. 

     Finally, to answer the question of what the chances are of a pilot planning a safe 

flight for a day of convective activity, the answer is that they are very small. Because 

of all the shortcomings in convective forecasting, it is concluded that if a pilot plans to 

go flying in active convective weather, he or she cannot be expected to plan an 

altogether safe flight beforehand. Even if the weather might allow a flight clear of the 

convective activity by zigzagging between the cells, the pilot will not be able to know 

beforehand how to plan his/her route to avoid them. However, this does not mean 

that the pilot cannot trust the forecasts products. In fact, they are probably correct 

quite often as a consequence of the fact that they are so vague and “safe” in the 

sense that all details are omitted and that several possible outcomes are presented 

at the same time. The fact that they span such a short time range and cover 

extensive general areas is also in their favour. 

     It is recommended for pilots to always use forecasts of as short range as possible. 

Longer-range forecasts should be complemented with nowcasts and observations 

just prior to a flight. In critical circumstances, with a lot of convective activity, the pilot 

should receive a personal close to real-time analysis from a meteorologist 

immediately before the flight and preferably even during the flight. In that way, the 

meteorologist can be more specific about the location and strength of active CB and 

TS in the direct vicinity of the intended route. 

     Using the products examined in this study can only provide information about in 

what general areas to expect CB and thunderstorms. The pilot cannot expect to get 

details of specific aviation hazards accompanying such weather. Therefore, pilots 

flying aircraft sensitive to icing and strong turbulence are recommended to always 

stay clear of CB and thunderstorms. 
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5 Discussion 
Ideally, this study would have comprised different evaluations made of aviation 

targeted forecast products such as the TAF, but even though an extensive literature 

search was made, no such studies were found. As a result, quantifying the reliability 

of the forecast products could not be done directly. The included literature instead 

mostly concerns the models behind the products and their handling of convection. To 

complement this and to help bridge the gap to the essence of this study, input from 

experienced aviation forecasters was added. Nevertheless, own conclusions were 

needed to assess the limitations of the forecast products and to answer the initial 

question. The answer is carefully formulated and rather sceptical, not putting too 

much faith in the conclusions and also reflecting the general idea of avoiding to lull 

pilots into a false sense of security. 

     The different studies of model evaluations referred to are all limited and quite 

small and thus too much trust should not be put in any specific study. Only the 

general results were therefore presented in the summation. The comments from 

Fyrby and Jakobsson should also be considered with caution as these are not 

originated from published scientific material, but rather from personal experience. 

This can also explain the slight difference in the statements. 

     Concerning the conclusions made about convective indices, a lot of uncertainties 

lie behind them. This is partly because of the fact that many of the indices used by 

SMHI were not evaluated at all because of a lack of studies. Regarding the groupel 

investigation by SMHI, considering the highly subjective grading method, the 

investigation could not be used to draw any convincing conclusions. Moreover, the 

studies made by Haklander & van Delden (2003) and Kunz (2007) over the 

Netherlands and Germany should be considered with caution since indices are 

known to perform quite differently over different areas (Groenmejjer et al, n.d ) and 

the scores obtained might have proven to be significantly different over Sweden. 

Comparing these two studies, the difference in the scores could be a result of the 

different threshold values used, but that in turn is probably in itself a result of the 

large difference in terrain. 

     Furthermore, it should be noted that the products and models looked at in this 

study are not the only ones available for a pilot flying in Sweden. Therefore, 

complementary products that cover the weaknesses of the ones discussed here as 

well as models that are able to handle convection more accurately are very likely to 

exist. For example, www.vaderprognosen.se produces quite detailed forecasts well 

developed for the use of pilots. Moreover, it is based on the Weather Research and 

Forecasting model (WRF) that is not discussed in this study. 

     Looking beyond the geographical boundaries of Sweden, there are lot of forecast 

products giving information exclusively about the risk for thunderstorms and severe 

convective weather. Examples are the products from the European Storm Forecast 

Experiment (ESTOFEX) (European Storm Forecast Experiment, n.d.) and NOAA’s 

Storm Prediction (National Weather Service, 2015). These show maps of different 

probabilistic fields that are easy to interpret. Although ESTOFEX covers the entire 

continent of Europe, a complementary such forecast might be useful over Sweden. 

     From the studies looked at it could be concluded that making more precise 

forecasts from the outputs of the models in use today would bring a lot of 

http://www.vaderprognosen.se/
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uncertainties. Considering this, the shortage of details in the products can be 

understandable. This way, the pilot might expect the bad weather for a longer time 

and for a bigger area than necessary, but will not put faith in a thorough forecast that 

proved to be wrong. Hence, the safest forecast might well be the ones that cover all 

possible outcomes, rather than the detailed ones. 

     However, one can still discuss the possibility of making forecast products with a 

little more information about various aspects of the possible outcomes. For example, 

in the case that “isolated embedded CB” is printed in a LLF, it should be possible to 

include an estimate of an approximate number of such cells in that area. It should 

also be possible to give some kind of information about how vigorous they might 

grow to be. 

     Concerning the models’ handling of convection, although there is no doubt more 

to improve in the physical model configurations such as parameterization of 

turbulence and moisture fluxes, the big flaw really seems to be the wanting coverage 

of observations, as mentioned by Fyrby (2015). Well known from the theory of 

modelling, a sparse set of input data results in a lot of approximations in the 

initialization stage. This is bound to cause errors from the very beginning of the 

simulation which will propagate and expand the longer the forecast stretches. This 

propagation is even quicker for chaotic processes such as convection. Therefore, it 

cannot be suggested that forecast products should include more details, but rather 

that the observational network should be expanded so as to improve model 

simulations. 

     As the techniques of modelling are constantly improving, a pilot will probably be 

able to trust more detailed forecasts in the future. For example, ECMWF plans to run 

a 2.5 km resolution global model by the year 2025 (Urquhart, n.d.). This will surely 

surpass the limited-area high-resolution models in use today as a result of not having 

to make any boundary assumptions. However, as discussed above, it is also required 

to significantly improve the observational network. It is difficult to say how good future 

forecasts may become even though there are a lot of possible improvements. The 

fact that the mathematical equations describing convection are non-linear and 

chaotic and thus cannot be solved exactly remains. 

     Looking at last at the effects for the global community, putting a lot of resources in 

improving weather forecasts would not only help science move onwards, but also 

result in fewer air traffic delays and reduce the number of weather related accidents. 

Travelling by air will become safer and more people might consider it as a way of 

transportation. This result might cause some opposition from an environmental point 

of view, but in favour of air traffic or not, unless something very drastic happens to 

our planet, it is probably safe to say that people will not stop flying in the foreseeable 

future. Today’s community is too adapted to a world where transport by air is a 

possibility for that to happen. Therefore, it should be okay to suggest that putting a lot 

of resources in improving weather prediction is indeed defensible. Not only does it 

help science move onwards, but it can also save lives. 
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6 Conclusions 
To answer the question of what the chances are of a pilot planning a safe flight for a 

day of convective activity, an investigation of different forecast products has been 

made. The study focuses on Sweden and the aviation targeted products produced by 

SMHI. No original evaluations of the products were made or assessed, but the 

reliability of them was deduced through a literature study comprising evaluations 

done of the NWP-models behind their production. The performance of convective 

indices was also examined. To complement this, viewpoints from two experienced 

aviation weather forecasters were added and analysed. Furthermore, the limitations 

of the forecasts products were summarized through an analysis of their scope of 

information. 

     It was found that all models have trouble handling convection as a cause of the 

local and turbulent mechanisms involved that are often too small to resolve, too quick 

to catch and too complicated to describe with simple enough equations. High-

resolution models simulate convective events in very realistic detail when it comes to 

the structure and distribution of the cells but they do not score considerably better 

than the lower resolution models. 

     The biggest issue with the forecasts was found to be the uncertainty of when and 

where a convective cell will develop and which cells will grow to be vigorous CB or 

thunderstorms. Neither models nor human forecasters seem to be able to predict 

these occurrences accurately, even with the help of convective and thunderstorm 

indices. As a consequence, the forecasts are often wrong in the spatial distribution of 

such activity, resulting in poor prediction scores. 

     It was concluded that no forecast including details of location and time for 

individual convective cells should be trusted. However, it was also found that no such 

details are presented in the examined products. Nor can a pilot get specific 

information about the degree of any accompanying aviation hazards. As a 

consequence of this limited amount of information, a pilot can be expected to “trust” 

the forecasts but is not able to plan an altogether safe flight beforehand. 
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